Lusutrombopag, a small molecule thrombopoietin receptor agonist, has been approved for the treatment of chronic liver diseaseassociated thrombocytopenia due to hypersplenism in patients scheduled to undergo elective invasive procedures in Japan. We performed partial splenic embolization (PSE) after administration of lusutrombopag in two patients with thrombocytopenia due to cirrhosis. Case 1 involved a 50 -yearold man who developed cirrhosis due to hepatitis B virus (HBV) infection and alcohol consumption. Case 2 involved a 30 -yearold woman who developed cirrhosis due to HBV infection only. Lusutrombopag administration led to an increase in platelet count in both patients, and PSE was performed safely. However, in Case 2, the patient developed disseminated intravascular coagulation. Further study with a larger population is required to investigate the indications for and risks of the use of lusutrombopag.
Introduction
Partial splenic embolization (PSE) is performed in patients with hypersplenism and symptoms caused by liver cirrhosis (e.g. pancytopenia, ascites and varices) 1) . Platelet transfusions are often required prior to PSE, as hypersplenism causes thrombocytopenia in patients with chronic liver disease (CLD).
The development of thrombocytopenia can be attributed to multiple factors 2) , one of which is reduced thrombopoietin (TPO) production or activity 3) . TPO is a hormone that regulates megakaryocyte and platelet production. It is synthesized in the liver ; thus, TPO production or activity can reduce the development of thrombocytopenia.
In September 2015, the first approval of lusutrombopag (Mulupleta®, Shionogi, Osaka, Japan), a small molecule TPO receptor agonist, was obtained in Japan for the treatment of CLDassociated thrombocytopenia (<50,000/µL) in patients sched-uled to undergo elective invasive procedures 3, 4) .
We performed PSE with a preoperative administration of lusutrombopag for seven days in two patients who had thrombocytopenia due to liver cirrhosis. To the best of our knowledge, this report is the first to describe cases in which PSE was performed after treatment with lusutrombopag. We herein discuss the effects of lusutrombopag, including increased platelet counts, as well as adverse events associated with lusutrombopag.
Case Report

Case 1
In January 2015, a 50 -yearold man, who had been diagnosed with liver cirrhosis (Child -Pugh score 6, Class A) due to hepatitis B virus (HBV) infection and alcohol (more than 80 g of ethanol daily) consumption in 2013, was found to have four esophageal varices (Ls, F3, Cb, and RC2) and two 166 M. Fujita et al.
gastric varices (Lgc, F1, Cb, and RC0) by esophagogastroduodenoscopy (EGD). He was admitted to our hospital in March 2015, and endoscopic injection sclerotherapy (EIS) was performed in April. However, in February 2016, EGD revealed recurrence of varices, and EIS was performed again the following month. The patient was scheduled to undergo PSE to prevent further recurrence of varices due to portal hypertension, as well as to improve thrombocytopenia (20,000/µL), and was started on 3 mg/day lusutrombopag for seven days, on day −11. He was readmitted to our hospital on day −1.
On admission, laboratory findings (Table, A) showed an increase in platelet count (40,000/µL). PSE was performed on day 0 ( Fig. 1 ) according to the Takatsuka method using microcoils (C -stopper® ; Piolax Medical Devices, Yokohama, Japan) 5, 6) , as follows : (1) selective splenic arteriography was performed ; (2) a micro catheter (Masters Parkway®, Asahi Intecc, Nagoya, Japan) was inserted into a branch of splenic artery, and microcoils were placed ; and (3) gelatin sponges (Spongel®, Astellas, Tokyo, Japan) soaked with antibiotics (minocycline hydrochloride) were implanted proximal to the microcoils ( Fig. 2 A, B ). After PSE, we applied pressure manually to the right inguinal region for 15 minutes. The patient was kept in bed until the morning of day +1, and no bleeding was observed. We administered 125 mg/day methylprednisolone and antibiotics (cefmetazole 2 g/day) for three days postopera-tively to prevent fever and infection. On day +6, EGD was performed, revealing that the varices had disappeared. On day +7, the patient developed a fever (grade 1, Common Terminology Criteria for Adverse Events ; CTCAE, version 4.0) and was administered antibiotics (cefmetazole 2 g/day) ; his fever then subsided slowly. On day +9, abdominal CT imaging showed an embolization rate of 34.3%, but no focal infections, such as splenic abscess, were observed ( Fig. 2 C -E). On day +17, the patient's fever had subsided completely, and he was discharged from our hospital.
Case 2
In January 2016, a 30 -yearold woman, who had been diagnosed with liver cirrhosis due to HBV infection and had undergone treatment with monoammonium glycyrrhizinate, glycine, aminoacetic acid, Lcysteine hydrochloride hydrate and entecavir, was found to have no tumor by abdominal CT ; however, splenomegaly and portal hypertension were present. In April of the same year, EGD revealed esophageal varices (Lm, F2, Cw, and RC0), and the patient was referred to our hospital. On admission, endoscopic ultrasonography showed that her varices measured 2 mm in diameter. We decided to take a waitandsee approach. However, she developed pancytopenia with a platelet count of 41,000/µL due to liver cirrhosis (Child -Pugh score 6, Class A) ; therefore, PSE was scheduled to improve her thrombocytopenia and a sevenday treatment with 3 mg/day lu- PT : prothrombin time activity, APTT : activated partial thromboplastin time, FDP : fibrinogen degradation product, TAT : thrombinantithrombin complex, PIC : plasmin -α2 plasmin inhibitor complex, AT : antithrombin 167 Two cases of liver cirrhosis treated with lusutrombopag before partial splenic embolization Lusutrombopag led to an increase in platelet count, which remained at 40,000/µL throughout the duration of hospitalization. After partial splenic embolization, an increase in fibrinogen degradation products was observed. However, a temporary increase in thrombinantithrombin complex levels was noted. Lusutrombopag led to an increase in platelet count. The patient developed severe disseminated intravascular coagulation (DIC) postpartial splenic embolization (PSE), and severe thrombocytopenia and increases in fibrinogen degradation products and thrombinantithrombin complex (TAT) levels were noted. TAT increased from 4.5 ng/ml to more than 120 ng/ml on day +1 and remained this high until day +7. DIC was resolved with medication and platelet transfusion. After cure of DIC, the platelet count became higher than the value obtained on admission.
C D E A B Fig. 4 . Partial splenic embolization (PSE) in Case 2 A : Before PSE B : Microcoils were placed (two metallic coils in the superior branch 2, one in the mid branch 1, three in the mid branch 2, and three in the inferior branch). C, D : Computed tomography (CT) on day +16 showed less intense enhancement of the embolized area than the nonembolized area. Mild splenic abscess was detected. E : Threedimensional image of the spleen. The red and blue areas indicate nonembolized (706.35 cc) and embolized (211.41 cc) areas, respectively. Post -PSE CT imaging revealed the embolization rate to be 23%. Two cases of liver cirrhosis treated with lusutrombopag before partial splenic embolization sutrombopag was initiated on day −12. She was admitted to our hospital on day −1.
On admission, laboratory findings (Table, B ) revealed that platelet count increased to 68,000/µL. PSE was performed on day 0 ( Fig. 3) , according to the Takatsuka method, as described above ( Fig. 4 A,  B) . After PSE, we applied pressure using the same method described in Case 1. The patient was kept in bed until the morning of day +1, and no bleeding was observed. On day +2, the patient developed severe thrombocytopenia (3,000/µL, grade 4, CT-CAE v4.0) and coagulation parameters were abnormal (prothrombin time activity 38.5%, fibrinogen 36 mg/dl, fibrinogen degradation product 792 µg/ml, antithrombin 59%), indicating the presence of disseminated intravascular coagulation (DIC). She was treated with fibrinogen, antithrombin, recombinant thrombomodulin 7) , and platelet transfusions. However, due to subcutaneous bleeding on day +3 and menstrual bleeding on day +5, she developed anemia (grade 3, CTCAE v4.0) and received a transfusion of concentrated red cells. On day +7, thrombomodulin was changed to danaparoid sodium. On day +16 and thereafter, her platelet count remained high at 60,000 -80,000/µL, and CT imaging showed an embolization rate of 23% ( Fig. 4 C -E). Mild splenic abscess was suspected, although no fever was present. On day +24, the patient was discharged from our hospital. In October of the same year (four month after PSE), EGD revealed an improvement of the patient's esophageal varices (Lm, F1, Cw, and RC0). 8) , is an effective procedure for pancytopenia and portal hypertension (esophageal and gastric varices) due to liver cirrhosis 9, 10) . After PSE, the blood flow of the splenic vein decreases because of a decrease of the blood flow of the splenic artery ; thus, portal hypertension is improved by this procedure. There have been recent reports of PSE performed for pancytopenia prior to hepatocellular carcinoma treatment and interferon therapy for hepatitis C virus infection 11, 12) . However, platelet transfusions are often required prior to PSE, as patients with CLD often develop thrombocytopenia due to hypersplenism. Severe thrombocytopenia (<50,000/µL) with CLD can significantly increase the risk of bleeding. A retrospective analysis of 608 paracentesis or thoracentesis procedures reported that hemoglobin decreased in 8% of patients with severe thrombocyto-penia, compared with decreases in only 3% of patients with platelet counts >50,000/µL 13) . In the hepatitis C antiviral longterm treatment against cirrhosis (HALT -C) trial, 75% of liver biopsyrelated haemorrhages occurred in patients with platelet counts below 60,000/µL 2, 14) . Studies from the United States, England, and Italy have reported that platelet transfusions are necessary before invasive treatment in patients with a platelet count of <50,000/µL 15 -17) ; however, it is often associated with complications such as alloimmunization, infections, and febrile reactions 18) .
Discussion
PSE, first reported by Spigos in 1979
Lusutrombopag is useful because it can reduce the frequency of platelet transfusion. Lusutrombopag acts selectively on human TPO receptors and activates signaling pathways that promote the proliferation and differentiation of bone marrow progenitor cells into megakaryocytes, consequently increasing the blood platelet count 19, 20) . TPO has been reported to affect megakaryocyte colonyforming cells and megakaryocytic precursors, and enhances their ability to survive and grow 21, 22) . Lusutrombopag can be administered in CLD patients undergoing bleeding procedures such as liver biopsy, trasnarterial chemoembolization, endoscopic submucosal dissection, or odontectomy. However, lusutrombopag cannot be administered to patients undergoing surgical operations, such as celiotomy, thoracotomy, or craniotomy 23) . Lusutrombopag needs to be administered for approximately eight to 13 days before the abovementioned procedures. The effects of lusutrombopag last for approximately seven to 21 days, reducing the risk of bleeding. Shionogi & Co., Ltd. reported that platelet transfusion could be avoided in 79.2% of patients with CLD receiving lusutrombopag, when compared to a placebo (12.5%). On the other hand, in patients with portal and mesenteric vein thrombosis, care should be taken for rapid thrombocytosis when administrating lusutrombopag. In such patients, a blood test should be performed five days after the first administration, and treatment should be discontinued if the patient platelet count exceeds 50,000/µL, or increases by more than 20,000/µL.
In the present study, we performed PSE in two patients to improve thrombocytopenia and portal hypertension. Both patients had platelet counts lower than 50,000/µL ; thus, lusutrombopag was started preoperatively. Their platelet counts remained lower than 50,000/µL for five days after starting lusutrombopag, so administration was continued for two more days. In Case 2, the patient showed an increase in platelet count from 41,000/µL on admis-sion to 68,000/µL. In Case 1, his platelet count on admission was 40,000/µL, which was significantly higher compared to the value obtained before lusutrombopag administration (20,000/µL). Neither of the patients had bleeding from the point of puncture after PSE.
In Case 2, the patient developed severe thrombocytopenia (3,000/µL) post -PSE, and received a diagnosis of DIC. She was treated in accordance with DIC guidelines 24) , with administration of fibrinogen, antithrombin, recombinant thrombomodulin 7) , and platelet transfusions. She subsequently recovered. It is likely that regional DIC occurred in Case 2 because there was no general bleeding 5) . Fibrinolyticinhibited -DIC, in which fibrinolytic activation is mild while coagulation activation is severe, is characterized by highlyincreased thrombinantithrombin complex levels, as well as mildly increased plasmin -α2 plasmin inhibitor complex levels and fibrinogen degradation products 25) . In Case 2, laboratory findings were similar to those of fibrinolyticinhibited -DIC, so we believe that post -PSE pathological condition is similar to that of fibrinolyticinhibited -DIC.
Lusutrombopag led to an increase in platelet count in both cases, but also promoted the risk of thrombosis. Thrombosis has been reported to occur in 2% of patients taking lusutrombopag. With other TPO receptor agonists, eltrombopag, romiplostim, and avatrombopag, thrombosis has been reported to occur in 4%, 2.4% and 20% of patients, respectively 26 -28) . In the current report, the patient in Case 1 had no complications after PSE, but the patient in Case 2 developed DIC, which was more severe than is normally observed when no lusutrombopag is administered. There have been no reported cases of DIC that developed after administration of TPO receptor agonists, including not only lusutrombopag but also elrombopag and romiplostim, so we considered that DIC occurred due to PSE in Case 2. However, we could not completely exclude the involvement of lusutrombopag in aggravation of DIC as it promotes the secondary coagulation disorder. We administered lusutrombopag because the benefit of not needing a platelet infusion outweighed the risk of thrombosis. However, careful consideration must be given regarding the dose adjustment of lusutrombopag. This is the first report describing the safe and efficient use of lusutrombopag in two patients with thrombocytopenia due to liver cirrhosis prior to PSE. Lusutrombopag is effective for increasing the platelet count of CLD patients undergoing bleeding procedures except for surgical operations. In fact, the platelet count of our cases increased, and no bleeding was observed until the morning of day +1. However, further accumulation of cases is required to investigate the indications for and risks of the use of lusutrombopag.
